Early-onset peripheral lower extremity arterial occlusive disease (PAD) is an uncommon, poorly characterized manifestation of atherosclerotic vascular disease. We studied the clinical presentation and correlates of disease severity and location in patients with early-onset PAD identi ed at non-invasive arterial evaluation. We identi ed a series of 159 patients who were younger than 50 years and had an abnormal resting or postexercise ankle brachial index (ABI) (<0.9) or, if arteries were noncompressible, monophasic arterial Doppler signals. Disease severity and location were determined based on results of noninvasive vascular laboratory testing. Presence of coexisting atherosclerosis in other arterial beds was ascertained by review of patient records. Multivariable logistic regression analyses were used to identify risk factors associated with disease severity and location. Mean age of the patients was 42.7 6 4.2 years and 55% were women. Prevalence of risk factors was 76% for current or past smoking; 71%, dyslipidemia; 53%, hypertension; 35%, diabetes; and 53%, family history. Claudication was present in 50%, rest pain in 3%, ulceration in 31% and the remaining 16% did not have symptoms from PAD. Low high-density lipoprotein (HDL)-cholesterol and female sex were associated with severity. Of 102 patients in whom disease location could be determined noninvasively, 65% had aortoiliac disease. Female sex, low HDL-cholesterol, and absence of diabetes were associated with aortoiliac disease. Atherosclerosis in other arterial beds was identi ed in 53% of the patients. Conclusion: In this study population of early-onset atherosclerotic PAD, men and women were equally represented. The disease involved predominantly the aortoiliac location. Low HDL-cholesterol and female sex were associated with disease severity. An aggressive approach to diagnosis and treatment may be warranted as atherosclerosis in other arterial beds was prevalent in half of the patients.
Introduction
Myocardial infarction and stroke, the subjects of considerable attention, are the main causes of cardiovascular mortality and morbidity. In particular, presentation with earlyonset coronary artery disease or stroke is often dramatic. Early-onset lower extremity peripheral arterial occlusive disease (PAD) may not have a similarly dramatic presentation and remains a poorly characterized syndrome of atherosclerotic vascular disease. Early-onset (de ned as onset before age 50 years) intermittent claudication is uncommon, with a prevalence less than 1.0% in populationbased studies. 1 ,2 However, when the diagnosis of PAD is based on an abnormal ankle brachial index, the prevalence is higher. 1 Patients with PAD are at high risk for all-cause and cardiovascular mortality, 3 yet the disease appears to be underdiagnosed and undertreated. 4 ,5 Several studies have established atherosclerosis to be the major cause for early-onset PAD. 6 -1 0 However further cross-sectional as well as prospective studies are needed to fully de ne clinical presentation, risk factors and determinants of disease severity and location in patients with earlyonset PAD. We therefore undertook a cross-sectional study of the clinical presentation and the risk factors associated with disease location and severity in patients with earlyonset PAD as seen in a tertiary care medical center. We describe the clinical features and noninvasive arterial evaluation of 159 patients younger than 50 years who were identi ed as having lower extremity PAD by noninvasive arterial evaluation at Mayo Clinic over a three-year period.
Methods

Patient identi cation
The study protocol was approved by the Institutional Review Board of the Mayo Clinic. We searched a threeyear period (June 1998-June 2001) in the noninvasive vascular laboratory database to identify patients younger than 50 years who had PAD. During this period 6546 patients underwent lower extremity arterial studies and of these 717 were younger than 50 years. The diagnosis of PAD was made in the presence of (1) an abnormal resting or postexercise ankle brachial index (ABI) (<0.9) or (2) monophasic arterial Doppler signals, if the arteries were non-compressible. In the presence of arterial noncompressibility (usually due to medial calci cation), the ABIs are unreliable. We identi ed 234 patients who ful lled such criteria. Six patients were excluded because they had not given permission to have their medical records reviewed for research. Of the remainder, 69 patients were considered to have non-atherosclerotic disease on the basis of clinical and laboratory features and were excluded from further analysis ( Table 1) . The remaining 159 patients were the focus of this study.
Clinical features
The medical record was reviewed for demographic information and to ascertain symptoms of leg pain, claudication, rest pain or nonhealing ulceration. Critical limb ischemia was considered present if the patient had rest pain or nonhealing ulceration in the presence of severe PAD. The presence of coexisting atherosclerotic vascular disease in other beds was assessed as follows: Coronary artery disease was considered to be present if the patient had a history of myocardial infarction, angina, angioplasty, coronary bypass surgery, a stress imaging study that was positive for disease, or a coronary angiogram showing signi cant disease (>50% stenosis in a coronary artery). Cerebrovascular disease was considered to be present if there was a history of ischemic stroke, transient ischemic attack or carotid endarterectomy or if atheromatous disease was identi ed with carotid ultrasonography. Subclavian arterial occlusive disease was inferred from detection of a signi cant difference in upperextremity systolic blood pressures in the vascular laboratory. The presence of renal or mesenteric arterial occlusive disease was noted from ultrasonographic or angiographic studies.
Risk factor pro les
Information on risk factors for atherosclerosis, including male sex, hypertension, dyslipidemia, diabetes, cigarette smoking and family history of atherosclerotic vascular disease, was extracted from the patient record. Diabetes was considered to be present if a patient was being treated with insulin or oral agents or had a fasting blood glucose level .126 mg/dl. Hypertension was de ned as systolic/diastolic blood pressure .140/90 mmHg or current use of antihypertensive drugs. Cigarette smoking was quanti ed from the patient record as the average number of packs of cigarettes smoked per day multiplied by the number of years of smoking (pack-years). Family history was considered present if the patient had a rst-degree relative with history of onset of heart attack, stroke or PAD before the age of 65. Dyslipidemia was considered to be present if the concentration of total cholesterol was greater than 240 mg/dl, the triglyceride level was greater than 200 mg/dl, or the high-density lipoprotein (HDL)-cholesterol level was less than 40 mg/dl. Lipid pro les were available in 119 patients. Homocysteine was measured in 63 patients, brinogen in 37 and special coagulation studies had been performed in 22 patients.
Noninvasive arterial evaluation
The location and severity of PAD were determined by noninvasive lower-extremity arterial evaluation. In the Mayo Clinic noninvasive vascular laboratory, this evaluation includes measurement of the ankle brachial index (ABI) at rest and after exercise and assessment of continuous wave Doppler signals in arteries of the lower extremity. Patients walk on a treadmill at 1-2 mph (1.6-3.2 kph) at a xed grade (10%) for 5 minutes with electrocardiographic monitoring. Doppler signals at the common femoral artery and ABIs are assessed immediately after exercise. Exercisetesting is not performed in subjects with noncompressible vessels because of medial calci cation, or in the presence of severe disease (ABI < 0.5). Disease location was inferred from the location of abnormal Doppler signals. Normal arterial Doppler signals are triphasic. The Doppler signal was considered to be abnormal if it was reduced biphasic or monophasic. Patients were classi ed as having aortoiliac disease if abnormal Doppler signals were noted at the common femoral artery and nonaortoiliac disease if abnormal Doppler signals were noted distal to the common femoral artery. The location was classi ed as multilevel if Doppler signals were abnormal at the level of the common femoral artery and worsened at a distal level. Severity of disease was determined with the ABI before or after exercise and classi ed on the basis of existing criteria in the Mayo Clinic noninvasive vascular laboratory ( Table 2 ). If arteries were noncompressible, ABIs were not calculated and PAD was identi ed from abnormal (monophasic) arterial Doppler signals.
Statistical analysis
Statistical analysis was done using the SAS 6.12 package with 0.05 set as the level of signi cance. Comparisons of categorical variables between study groups were performed with the x 2 test or the Fisher exact test, when the variables were dichotomous. Continuous measures were compared with the Wilcoxon rank test. Univariable and multivariable logistic regression analyses were used to identify variables that were associated with disease location (aortoiliac versus distal disease) and severity of PAD (severe versus mild/moderate). Factors in univariable analyses that were associated with disease severity/location at p < 0.25 were entered into multivariable regression models. A stepwise procedure was also used to determine which of the following variables were independently associated with disease location and severity of arterial occlusive disease, after adjusting for age: total cholesterol, HDL-cholesterol, triglycerides, systolic and diastolic blood pressure, smoking (pack-years), diabetes and family history.
Results
Baseline features
The baseline features of the patients are shown in Table 3 . The mean age of the patients was 42.7 years, 94% were white and 55% were women. The commonest clinical presentation was that of exertional leg discomfort or claudication (50%). Rest pain was present in 3%, ulceration in 31% and the remaining 16% did not have symptoms from PAD. Fourteen per cent had critical limb ischemia at presentation.
Risk factors
The prevalence of risk factors was 76% for current or past smoking; 71%, dyslipidemia; 53%, hypertension; 53%, family history of atherosclerotic vascular disease; and 35%, diabetes. In comparing risk factor pro les of nonsmokers with those who had history of smoking, the prevalence of diabetes was signi cantly higher in nonsmokers (73% versus 25%, p < 0.01). Otherwise the two groups did not differ in age or gender-composition or prevalence of other conventional risk factors including hypertension and dyslipidemia. Levels of brinogen were elevated (.350 mg/dl) in 43% (n = 37); levels of homocysteine were elevated (.13 mmol/l) in 10% (n = 63); and thrombophilia (de ned as the presence of an abnormality on special coagulation studies) was present in 22% (n = 22).
Disease location
In 16% of the patients, the vessels were noncompressible and the diagnosis of PAD was made on the basis of monophasic arterial Doppler signals in the lower extremities; the location of disease in these patients was classi ed as indeterminate. Among the remaining 134 patients, 107 had a complete lower-extremity Doppler examination. Of these 107, the location of disease was indeterminate in 5. In the remaining 102 patients, the disease was predominantly aortoiliac in location (64%). In 24% the disease involved the aortoiliac location as well as another distal location ('multilevel'), and in 12%, the disease was non-aortoiliac ('distal'). Female sex, lower HDL-cholesterol, and absence of diabetes were associated with the aortoiliac disease (Table 4 ). End-stage renal disease due to diabetes was present in 13% of the patients. Generally, those patients presented with distal disease, noncompressible vessels, and severe ischemia with ischemic ulceration. In this group, lower extremity ulceration was noted in 86% of the patients and critical limb ischemia was common (27%) at presentation.
Disease severity
The ABI was abnormal at rest in 64%, after exercise in 20% and 16% had noncompressible arteries. In the Mayo noninvasive vascular laboratory, the ABI criteria for severity differ depending on whether they are postexercise or resting ( Table 2 ). On the basis of these criteria, disease severity was classi ed as mild in 31%, moderate in 35%, severe in 17%, and indeterminate (noncompressible arteries) in 16%. Total and HDL-cholesterol levels were inversely associated with disease severity in univariable logistic regression analyses ( Table 5 ). In a stepwise multivariable regression analysis that adjusts for age and statin therapy, low HDL-cholesterol and female sex (borderline signi cance) were associated with severe PAD (Table 6 ).
Coexisting atherosclerotic disease
Coexisting atherosclerosis in other arterial beds was present in 53% of the patients; coronary artery disease in 34%, cerebrovascular disease in 10%, upper-extremity occlusive disease in 11%, renal artery disease in 7%, and mesenteric or celiac disease in 4%. Hypertension, diabetes and family history of cardiovascular disease were associated with the presence of coexisting coronary artery/cerebrovascular disease although in a multivariable logistic regression model, only hypertension remained an independent predictor of the presence of coexisting coronary artery/cerebrovascular disease disease (data not shown). The presence of coexisting atherosclerotic disease was not associated with PAD severity or location (data not shown).
Discussion
Atherosclerosis is the major cause of occlusive disease of the lower extremities in young patients. 9 ,1 0 In the present study, 68% of the subjects with abnormal ndings on noninvasive arterial testing had atherosclerotic vascular disease. The onset of PAD two to three decades earlier than the conventional form of the disease appears to be due to a heavy risk factor burden, with smoking being the most prevalent risk factor. Smoking is a powerful risk factor for PAD and in the current study, history of smoking was present in 76% of the patients. In other studies, the reported prevalence is even higher (up to 91%). 1 1 Smoking is associated with a higher risk of PAD than coronary artery disease. 1 2 Data from the Bogalusa Heart Study indicate that the severity of asymptomatic aortic atherosclerosis in young people increases as the number of cardiovascular risk factors increase and smoking, in particular, was strongly associated with the presence of brous plaques in the aorta. 1 3 In the absence of smoking, diabetes was the most prevalent and important risk factor for early-onset PAD in the present study. Men and women were equally affected in our study. In contrast, early-onset coronary artery disease affects men more commonly. 1 4 ,1 5 Recent studies have demonstrated a high prevalence of PAD in postmenopausal women, equal to or even higher than that in men. 4 ,1 6 We found an association of female sex with disease severity, a nding also noted in a study of 109 patients younger than 40 years with PAD. 1 0 These ndings suggest that female sex may not be protective against development of atherosclerosis in the peripheral circulation when the risk factor burden is excessive. In the Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study, the extent of atherosclerotic changes in the aorta was greater in women than in men, whereas men tended to have greater involvement of the coronary arteries. 1 7 In each age category, women had signi cantly greater extent of fatty streaks in the abdominal aorta than men. Valentine and colleagues have suggested that the smaller caliber of infrarenal abdominal aorta in women compared with that in men may increase susceptibility to atherosclerosis in this location. 1 8 In addition to conventional risk factors, other unique factors may be implicated in the early onset of PAD, including genetic susceptibility, thrombophilia, in ammation, elevated lipoprotein (a) and hyperhomocystinemia. 1 9 -2 1 Genetic susceptibility appears to be important in the development of premature PAD. Half of the patients in the present study had a rst-degree relative with onset of atherosclerotic vascular disease before age 65. In a study by Valentine and colleagues, 2 2 52% of rst-degree relatives of patients with early-onset PAD had cardiovascular events occurring before age 55 years. We found that a proportion of the patients had thrombophilia or elevated levels of a marker of in ammation ( brinogen). In the Physicians' Health Study, a marker of in ammation (C-reactive protein or brinogen) was the strongest non-lipid independent predictor of developing PAD. 2 3 The relative accessibility of the peripheral arterial circulation enables non-invasive determination of disease location and severity. We were able to assess severity and location of disease in the majority of patients who underwent lower extremity arterial evaluation in the vascular laboratory. An important nding is that postexercise ABIs identi ed an additional 20% of cases of PAD. Although resting ABI has been reported to be more than 95% sensitive and speci c for angiographically signi cant PAD, this may not be true for early-onset disease. A majority of these patients have aortoiliac disease, and in the presence of a well-developed collateral circulation, the ABI may be normal at rest and decrease only after exercise. These ndings suggest that a noninvasive lower-extremity arterial test with exercise should be considered in young patients.
In older patients with PAD, the super cial femoral artery is the commonest location of atherosclerotic plaque. 2 4 We found that the aortoiliac location is most commonly affected in our study population of early-onset disease. 9 ,2 5 The predilection for the aortoiliac location in patients with early disease has been previously described. The biological basis for this regionality is not completely understood. We found that the female sex, lower HDL-cholesterol and absence of diabetes were associated with the aortoiliac disease. The smaller caliber of the infrarenal aorta in young women may predispose them to aortoiliac disease in the presence of risk factors. 1 8 The association of lower HDL-cholesterol with aortoiliac disease has not been previously reported, whereas diabetes is known to be associated with 'distal' disease. 2 6 The regionality of atherosclerotic vascular disease may therefore in part be due to differential risk factor burden.
Low HDL-cholesterol levels were associated with severe PAD, a nding noted in two other studies as well. In a study of 76 patients with intermittent claudication, HDLcholesterol levels were signi cantly lower than in controls, and correlated signi cantly with angiographic severity of disease. 2 7 In another study of 102 patients (mean age 62 years) referred for angioplasty for PAD, HDL-cholesterol was signi cantly associated with the presence and extent of disease on angiography. 2 8 The antiatherogenic effect of HDL-cholesterol may be more important than the atherogenic effect of LDL-cholesterol in the development of PAD. 2 9 In addition to reverse cholesterol transport, HDLcholesterol may have multiple antiatherogenic effects including anti-in ammatory, antioxidant, antithrombotic and pro brinolytic actions. 3 0 Attenuation or loss of such protective effects with lower HDL-cholesterol levels may predispose to severe PAD.
The presence of PAD is often an indicator of diffuse atherosclerosis. In older patients with PAD, cardiovascular events may account for up to 75% of the deaths. 3 1 In 381 patients (mean age 61 years) awaiting elective vascular bypass surgery, coronary angiography revealed severe coronary artery disease (>70% stenosis in at least one coronary artery) in 57%. 3 2 In the Clopidogrel Versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial, 6% of patients with PAD had history of a prior stroke and 21% had a history of previous myocardial infarction. 3 3 A similarly high burden of atherosclerosis was detected in patients in the present study. More than half had coexisting atherosclerosis in other arterial beds with coexisting coronary or cerebral arterial disease present in 38%. It is likely that systematic evaluation of patients with early-onset PAD may reveal a higher prevalence of concurrent coronary or cerebral arterial disease. Indeed, in a study of 59 male patients with early-onset PAD, the prevalence of signi cant coronary atherosclerosis (stenosis severity (50%) as documented by coronary angiography was reported to be 71%. 3 4 Because of the cross-sectional nature of the study we were unable to quantify the occurrence of cardiovascular events.
The present study has several limitations. By its retrospective nature, the associations cannot be assumed to be causal. Use of medical record review to ascertain symptoms and risk factors may be associated with reporting bias. The study was not epidemiologic in nature. The population under study was mostly white, and the results may not be easily generalized to other ethnic groups. Several biases may be inherent in the study of patients at a tertiary care referral center (referral bias and institutional bias); however, the center offers access to records of patients with an uncommon syndrome such as early-onset PAD.
Conclusion
In this study population identi ed from patients undergoing noninvasive lower-extremity arterial evaluation in a tertiary care setting, early-onset PAD affected men and women equally, varied in severity, and predominantly involved the Vascular Medicine 2003; 8: 95-100 aortoiliac location. Full noninvasive lower-extremity arterial testing should be considered in young patients being evaluated for the disease because resting ABIs may be normal at rest and fall with exercise. Low HDL-cholesterol and female sex were associated with disease severity. Female sex, lower HDL-cholesterol and absence of diabetes were associated with aortoiliac disease. Coexisting disease in other arterial beds was quite prevalent, indicative of the diffuse nature of atherosclerosis in this setting. An aggressive approach to diagnosis and treatment may be warranted.
